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ABSTRACT 
Objectives: This study aims to evaluate the relationship between the oxidative stress induced by obesity and 
metabolic changes in the cognitive functions of obese children.  
Methods: Thirty-three obese children and adolescents (age: 8-18); and 33 healthy children similar in terms of 
age and gender were enrolled. Children were diagnosed with obesity according to the Turkish children's body 
mass index (BMI) curves. Patients over the 95th percentile in terms of Turkish children's BMI curves consid-
ering their genders and age were called obese children. Obese children were excluded whose obesity was 
related to any syndrome or disease. Neurocognitive functions including the Visual Memory Test, Finger Tapping 
Test, Memory Test, Symbol Digit Coding, Stroop Test, Continuous Performance Test, and Shifting Attention 
Test were evaluated with the battery tests of Central Nervous System Vital Signs (CNSVS) via computer. Mal-
ondialdehyde (MDA) and protein carbonyl (PC) were analyzed to determine the oxidative stress. After 10 
hours overnight fast, blood samples were collected to determine Fasting glucose, total cholesterol, triglyceride, 
low-density lipoprotein, high-density lipoprotein, liver enzymes aspartate aminotransferase and alanine amino-
transferase by using enzymatic methods.  
Results: MDA and PC levels in obese children were founs significantly higher (0.78±0.16 
µmol/L;198.30±84.45 nmol/mL) than the controls (0.5±0.10 µmol/L; 125.35±43.52 nmol/mL) (P<0.001). All 
of the cognitive performance domains were statistically significantly different between the study and control 
groups. A statistically significant correlation was found between neurocognitive indexes and MDA and PC 
levels.  
Conclusions: Obese children's cognitive functions must be evaluated. Elevated oxidative stress may be the 
reason for the bad cognitive performance in children with obesity. However, this cognitive performance study 
in obese children should be supported with large study groups. 
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 C hildhood obesity is a remarkable clinical situa-

tion among children with devastating health 
consequences. It is linked with adult obesity 

and other complications such as diabetes mellitus, hy-

pertension, hypercholesterolemia, and metabolic syn-
drome [1, 2]. Now it is understood that obesity is more 
than a weight management problem. Reduced cogni-
tive functioning has also been reported to be a promi-
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nent complication in children and adolescents with 
obesity in recent years [3, 4].  
      Oxidative stress emerges from the imbalance be-
tween the prooxidant state and the antioxidant defense 
system. Free radicals are continuously produced dur-
ing daily metabolism [5]. They are highly reactive and 
may diminish cell function by damaging lipids, pro-
teins, and other macromolecules of the cell [6]. Lipids 
are the most targeted molecules by oxidative stress 
through all other classes of biomolecules. Malondi-
aldehyde (MDA) is the end product of lipid peroxida-
tion and a major marker of oxidative stress. It interacts 
with certain proteins in the cell and also nucleic acid 
bases to form different adducts [7].  
      Fat tissue is an important source of reactive oxy-
gen products. During the process of excess free fatty 
acids in mitochondria uncoupling may occur and elec-
tron transfer to oxygen may not be completed [8]. Fat 
accumulation has been shown to be associated with 
oxidative stress, and a study by Furukawa et al found 
that levels of antioxidant enzymes such as superoxide 
dismutase (SOD) and glutathione peroxidase (GPx) 
were reduced in obese individuals [9]. Substances 
modified by oxidation have also been found to accu-
mulate in adults with obesity [10]. Studies related to 
oxidative stress in childhood obesity suggest similar 
findings. In this context, Codoner-Franch et al. [11] 
have proposed a risk of metabolic syndrome in chil-
dren with obesity because of fat tissue-induced oxida-
tive stress.  
      The brain is highly susceptible to oxidative dam-
age, and lipid peroxidation is abundant in white and 
gray matter. Increased oxidative stress in the brain tis-
sue is likely to play a role in cognitive impairment. 
Some antioxidants have been also shown to attenuate 
cognitive impairment in experimental studies [12, 13]. 
As evidenced above, there is a relationship between 
obesity and oxidative stress but the effect of oxidative 
stress on cognitive functions in obese children is less 
clearly lightened. The study goal is to understand ox-
idative stress’ effects on the cognitive status of chil-
dren and adolescents with obesity in this study.  
 
 
METHODS 
 
Participants  
We included two groups of obese children and healthy 

controls in this study. Obese children were evaluated 
in the pediatric department of a university hospital 
inner northern of Türkiye. Thirty-three children with 
obesity were selected age between 8 to 17 years. Chil-
dren with any health problems or syndrome were not 
included in the obese children group. A healthy control 
children group was conducted with similar ages and 
genders from healthy children policlinic of pediatrics 
department. The control group was conducted from 
thirty-three children with normal BMI. Informed con-
sent was obtained from all participants and/or their 
parents. This research study was approved by Gazios-
manpasa University (Tokat, Türkiye) Medical Re-
search Ethics Committee (Date: 30.03.2016 and 
number: 16-KAEK-043/2016-04) 
 
Measurements  
Anthropometric Measurements  
      Measurements were made using a measurement 
system (Seca Corp, Chino, CA, USA) while the pa-
tients were barefoot and wearing light clothes. Height 
was measured using an internal stadiometer (Seca). 
Body Mass Index (BMI) was calculated by dividing 
weight in kg by the square of height in square meters 
(kg/m²). Obesity was identified according to Turkish 
children's BMI percentiles and if the percentile was 
>95th percentile considered obesity [14].  
 
Laboratory measurements  
      Fasting glucose (FG), total cholesterol (TC), 
triglyceride (TG), low-density lipoprotein (LDL), 
high-density lipoprotein (HDL), aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) 
were determined by using an autoanalyzer (COBAS 
6000; Roche Diagnostics, Indianapolis, IN, USA). C-
reactive protein (CRP) and ferritin were detected by 
electrochemiluminescence immunoassay (COBAS C-
501&E-601; Roche Diagnostics).  
 
Determination of MDA and PC levels  
      The position of serum thiobarbituric acid reactive 
substance (TBARS) was determined by a system pred-
icated on a response with thiobarbituric acid (TBA) at 
90-100°C that was previously described by Esterbauer 
and Cheeseman [15]. In the TBA test response, MDA 
or MDA- suchlike substances and TBA reply to pro-
duce a pink color with an absorption outdoors at 532 
nm. The response was performed at pH 2-3 and 90°C 
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for 15 min. The sample was mixed with a double vol-
ume of cold 10 (w/v) trichloroacetic acid to precipitate 
the protein. The precipitate was rolled by centrifuga-
tion (1,500 × g for 10 min) and an aliquot of the su-
pernatant was replied with an equal volume of 0.67 
(w/v) TBA in a scorching water bath for 10 min. Fol-
lowing cooling, the absorbance at 532 nm was meas-
ured (GBC Cintra 10e UV/ VIS Spectrophotometer, 
Victoria, Australia). Results are expressed in ng/ml, 
according to the graphic standard prepared from meas-
ures with a standard result (tetramethoxypropane). The 
carbonyl contents were determined spectrophotomet-
rically (Shimadzu UV-160 A, Tokyo, Japan) by a sys-
tem predicated on response of carbonyl group with 2, 
4-dinitrophenylhydrazine to form 2, 4-dinitrophenyl-
hydrazone. 2, 4- dinitrophenylhydrazine was the 
reagent originally used for proteins vanquished to sub-
stance-catalyzed oxidation [16].  
 
Central Nervous System Vital Signs (CNSVS)  
      A neurocognitive test method using with computer 
The CNSVS is used in this clinical research. The man-
ner of the neuropsychological tests and the psychome-
tric characteristics of this test battery are very similar 
and the validity and reliability have been demonstrated 
[17]. This CNSVS test can be used after 7 years of life. 
Cohen's d sample ranged from d = 0.44 to d = 1.19 for 
repeat-retest reliability in children and adolescents 
[18]. This test only can be used with a computer and 
the total time to complete the test is approximately 30 
to 40 minutes. Seven common neuropsychological 
measures were evaluated in this test: Visual Memory 
Test, Symbol Digit Coding (SDC), Verbal Memory 
Test, Finger Tapping Test (FTT), Stroop Test (ST), 
Continuous Performance Test (CPT), and Shifting At-
tention Test (SAT). To calculate seven domain scores 
(Memory, Psychomotor speed, Processing speed, Re-
action time, Complex attention, Executive Function, 
and Cognitive flexibility) and a summary score (Neu-
rocognition Index-NCI) test creates 15 primary scores.  
 
Procedure  
      Children were diagnosed with obesity according 
to the Turkish children's BMI curves. Patients over the 
95th percentile in terms of Turkish BMI curves con-
sidering their genders and age were called obese chil-
dren. Obese and healthy children completed 2 visits. 

In the first visit, participants completed the CNSVS 
test via computer in a silent room near with one of the 
parents. One week later blood samples were collected 
from participants in the second visit.  
 
Statistical Analysis  
      Test scores were compared by the SPSS package 
program (IBM SPSS Statistics 18). Values are pre-
sented as n (%) or mean±SD. Independent samples t-
tests were used for continuous variables compared 
between two groups. Pearson correlation coefficient 
was used to correlate variables. P values less than 0.05 
were considered significant. 
 
 
RESULTS 
 
The obese children group consisted of 33 patients (18 
females, 15 males) with a mean age of 11.58±2.22 
years. The control group was conducted with 33 chil-
dren. The gender and age of healthy participants are 
similar to the obese group. There is no difference be-
tween the two groups considering number, gender, and 
age (P>0.05).  
      Table 1 shows the demographic, anthropometric 
characteristics, and biochemical test results for the 
group differences. BMI-(standard deviation score) 
SDS was higher in children and adolescents with obe-
sity (P<0.05). LDL of obese children group was sig-
nificantly higher and HDL was significantly lower 
than the healthy control group (P<0.05). Mean CRP 
was 6.86±5.35 mg/dL and 3.45±2.32 mg/dL in the 
obese study and healthy control groups, respectively 
(P<0.05).  
      The mean MDA and PC levels for the obesity 
group were 0.78±0.16 µmol/L and 198.30±84.45 
nmol/mL, respectively, while the mean MDA and PC 
levels for the control group were 0.5±0.10 µmol/L and 
125.35±43.52, respectively (P<0.001). There was a 
statistically significant difference in terms of the mean 
MDA and PC levels between the obesity and control 
groups (P<0.001). The characteristic scores of the dif-
ferent groups are shown in Table 2.  
      Eight index scores of the CNSVS were evaluated 
in two groups and groups were compared. It was found 
that there was a statistically significant difference be-
tween obese children and healthy groups on all cog-
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nitive domains. The mean NCI score belonging to 
obese children was 83.27±9.74 compared to 
96.64±4.59 for healthy children. It is seen that obese 

children's NCI scores were statically lower than 
healthy children (P<0.001). Also, the other compo-
nents of cognitive functions measured with this test 
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were statically lower in children with obesity than in 
healthy controls (P<0.001).  
      MDA levels were correlated inversely with all 
cognitive indexes (P<0.05). Composite memory, ver-
bal memory, and reaction time were correlated nega-
tively with PC values (P<0.05). No significance was 
detected between CRP levels and any of the cognitive 
domains although it was inversely correlated with al-
most all cognitive indexes. LDL negatively and HDL 
positively were correlated with NCI score (P<0.05). 
Besides, LDL was negatively correlated with, complex 
attention, executive function, reaction time, and cog-
nitive flexibility (P<0.05). It is found that there is a 
positive correlation between HDL and visual memory, 
and reaction time (P<0.05). Correlation values are 
shown in Table 3. 

DISCUSSION 
 
In the literature, the numbers of studies on cognitive 
functions in obese children show that bad cognitive 
performance is linked to obesity. Many of the studies 
using different assessment methods demonstrate a big 
association between obesity and bad cognitive per-
formance.  
      Regarding the role of obesity on cognitive func-
tions in young women, Bove et al. [19] found a sig-
nificant negative association between the visceral 
adipose tissue and the cognitive domains of verbal 
learning and memory. Low cognitive scores of 37,414 
young Danish men were found to be associated with 
obesity [20]. There are several studies investigating 
the relationship between obesity and cognitive impair-
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ment in the elderly, however, the results are conflicting 
[21-24]. On the other hand, cognitive functioning in 
childhood obesity has been examined in a limited 
number of studies. These studies prove that a tight 
conjuctionn between obesity and cognitive disfunc-
tion. Mean reaction time was associated with BMI and 
about 30% of the genetic variance between reaction 
time performance and BMI were shared in a study 
comprising 1,312 twins aged 7-10 [25]. Preadolescent 
children with high BMI were found to have poorer ac-
ademic scores. Adiposity and school performance 
were inversely related [26]. Impairment in visual-spa-
tial organization and general mental abilities in chil-
dren has also been associated with an increase in body 
weight [27]. Studies demonstrated a poor relationship 
between neurocognition and obesity in the preschool 
period [28]. This study examined the effects of oxida-
tive stress on cognitive functions in obese children. 
The results show that obese children and adolescents 
performed worse than healthy controls on all cognitive 
measures. We found a correlation between the reduced 
neurocognitive functions and the increased oxidative 
stress in the obesity group.  
      Given this poor functioning in individuals with 
obesity, studies investigated the associated factors be-
tween obesity and reduced cognition. However, the ef-
fect of oxidative stress on reduced cognitive functions 
in obese children and adolescents is less clearly estab-
lished. We found a significant increase in lipid oxida-
tion and protein oxidation in the obesity group in this 
context. High MDA and PC levels were correlated 
with reduced cognitive domains; MDA for all domains 
and PC for the memory and reaction time domains.  
      Increased adipose tissue in obesity is a rich source 
of cytokines, hormones, and other similar molecules 
released by the fat tissue. Such diseases like diabetes 
mellitus and metabolic syndrome are likely to develop 
by a process triggered by these molecules in children 
with obesity. The central nervous system (CNS) is 
more sensitive to changes in childhood since this pe-
riod is critical for brain development. Therefore, CNS-
related problems caused by obesity should be 
illuminated.  
      Regarding lipid peroxidation, children and adoles-
cents with obesity had higher levels of MDA com-
pared to the healthy controls in this study. MDA is one 
of the most studied lipid electrophiles generated from 
lipid peroxidation [29]. Brain disorders have been usu-

ally evaluated in terms of lipid peroxidation because 
the axonal membranes and myelin sheaths of the brain 
are rich sources of lipids. Moreover, The central nerv-
ous system is susceptible to oxidative stress due to 
high oxygen consumption. Lower antioxidant status 
has been associated with impaired cognition in the in-
stitutionalized elderly [22]. In addition, circulating 
adipose tissue cytokines are associated with oxidant-
antioxidant status. Carbonyl proteins have been used 
to present oxidative damage to proteins. This enhances 
thermodynamic instability inducing tertiary structural 
changes. Thus, protein aggregation or inactivation 
emerges. It was reported that restoring PC formation 
with antioxidant agents could improve cognitive func-
tion [30]. PC levels were significantly associated with 
cognitive impairment in a postmortem study examin-
ing the frontal cortex of individuals [30]. In agreement 
with these findings, we found that PC levels of obese 
children and adolescents were higher than the healthy 
controls and there was a negative correlation between 
PC levels and cognitive functions, particularly mem-
ory and reaction time.  
      We evaluated several biochemical parameters and 
found that CRP, LDL, and HDL cholesterol levels 
were significantly different in the obesity group. LDL 
levels were statically higher while the HDL levels 
were statically lower in the obesity group. LDL is the 
principal lipoprotein particle for the transport of cho-
lesterol to the peripheral tissues. LDL plays an impor-
tant role in the atherosclerotic process and the 
pathogenesis of Alzheimer's disease [31, 32]. It is sug-
gested that elevated levels of LDL lead to memory 
deficits. HDL possesses important functions such as 
anti-oxidation, anti-inflammation, pro-endothelial 
function, anti-thrombosis, and modulation of immune 
function. Low HDL was associated with poorer cog-
nitive performance in very old adults. Another study 
found better executive function in 60-year-old individ-
uals with higher HDL levels [33-35]. Supporting these 
data from the elderly, we found a negative correlation 
for LDL and a positive correlation for HDL regarding 
the cognitive parameters of children and adolescents 
with obesity. Executive function, reaction time, com-
plex attention, and cognitive flexibility were found to 
be negatively correlated with LDL while visual mem-
ory and reaction time were positively correlated with 
HDL. To our knowledge, this is the first study suggest-
ing the association between LDL-HDL cholesterol 
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levels and cognition in pediatric obesity.  
      Chronic low-grade inflammation has been re-
ported in obesity. Inflammation has also been shown 
to impact cognition in several psychiatric disorders 
like anxiety disorders, major depressive disorder, and 
bipolar disorder [36]. However, no study has been 
conducted on the inflammation-related cognitive de-
cline in obesity. So we also investigated the associa-
tion between CRP levels and cognitive functioning in 
the obesity group. We found elevated CRP levels in 
the obesity group but we did not find a correlation be-
tween the CRP levels and the cognitive domains.  
 
Limitations  
      Our study has several limitations that should be 
addressed. We could only evaluate the CRP levels of 
the children and adolescents to indicate inflammation. 
Other inflammatory markers or proinflammatory cy-
tokines may be analyzed in future studies. A larger 
study group would be better for estimating regression 
analysis. Despite these limitations, we reported cog-
nitive decline along with elevated oxidative stress and 
an inverse relationship between MDA and all cogni-
tive domains in obese children in this study. 
 
 
CONCLUSION 
 
Oxidative stress should be evaluated when assessing 
the complex mechanism of this decline in the neu-
rocognitive functioning of obese children and adoles-
cents. Data regarding the effect of lipid peroxidation 
and protein oxidation on cognitive functioning may 
lead to new future intervention strategies for cognitive 
impairment in youth with obesity.  
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